INTRODUCTION
The provision of good quality water is crucial for sound human and environmental health, economic and sustainable development. Water is required for domestic, industrial and agricultural purposes. Provision of portable water is an essential ingredient in the achievement of the millennium development goals (MDGs). Government at various levels are making efforts to ensure adequate provision of good drinking water through the provision of solar powered boreholes drilled by government agents.
Previous efforts to supply drinking water to Ibadan metropolis through surface water at Asejire and Eleyele water works has become grossly inadequate, hence the need for individuals to complement government efforts through provision of water from motorized boreholes and hand dug wells.
Groundwater chemistry is altered as a result of the interaction between the subsurface materials or rocks and the percolating water. This brings about the need to *Corresponding author. E-mail: atbola@yahoo.com. understand the influence of the bedrocks on the groundwater system of the study area. Apart from this geogenic influence, anthropogenic activity in the study area makes the groundwater system in the area prone to possibility of contamination. Therefore, a proper understanding of the groundwater and surface water in the study area is of paramount importance so as to maintain good quality water for drinking, irrigation and other domestic purposes.
Most of the previous work in Ibadan area are regional in nature and not detailed enough to address the peculiarity of the water bodies within the lateritic overburden on migmatites and pegmatized schist in Ibadan (Figure 1 ). The objectives of the investigation are to determine the physico-chemical characteristics, assess the geogenic and anthropogenic influence on the groundwater and evaluate the quality of the groundwater in terms of drinking, domestic, industrial and agricultural uses.
MATERIALS AND METHODS
Geological mapping of the study area was undertaken during this investigation though regional studies of the rocks in Ibadan have been carried out by many workers including Jones and Hockey (1964) , Grant (1970) and Bolarinwa (2001) . The study area, which is the northeastern part of Ibadan, is located between latitudes 7º 27´ and 7º32´, and longitudes 003º54´ and 004º00´ (Figure 2 ). It is a rapidly developing sub urban area north of Ibadan metropolis. Most of the rocks in this area are deeply weathered. Only few outcrops are available for mapping. Ibadan is within the polycyclic metamorphic terrain of the Precambrian Basement Complex of southwestern Nigeria. The rocks are generally poor aquifers, especially the migmatite, except where deeply weathered or fractured, thereby resulting in localized groundwater aquifers.
A total of 20 water samples were collected from Ibadan area during the rainy season of July 2013. The well characteristics were noted and recorded. An HI 9813-6 pH/EC/TDS/°C meter was used for in-situ measurement of temperature, pH, Electrical Conductivity (EC) and Total Dissolved Solids (TDS), while a clean rubber container and plastic bottles were used for water sampling. Samples for cation analyses were acidified with concentrated hydrogen trioxonitrate (v) acid in order to bring down the pH of the water and ensure that the metals are inert prior to analysis. Major cations, anions and trace metal contents of the water were determined according to the procedure of Brown et al. (1970) . Results obtained from the hydrochemical analyses were presented graphically on the modified Piper (1944), Stiff (1951) , Hemm (1983) diagrams using the Origin software. Descriptive statistics, correlation, factors and principal component analyses, Sodium 
RESULTS

Geology of the study area
The rock types mapped in the study area during the present investigation include migmatites, granite gneiss, pegmatised quartz muscovite schist and quartz veins (Figure 2 ). Migmatites occur linearly at the western part of the study area. They are low-lying rocks consisting of alternating light and dark bands of quartzo-feldspathic and ferromagnesian minerals. Together, the bands form planar, folded and contorted metamorphic layers ( Figure  3 ). The banded varieties are very common. Parallel and cross-cutting veins and irregular pods of paleosomatic (mafic) and neosomatic (felsic) compositions occur within the migmatites.
The granite gneiss in Ibadan is characterized by mineral lineations, weak foliations, irregular cross-cutting joints, pegmatite and quartz veins. They are composed dominantly of quartz, plagioclase feldspars, microcline, biotite and hornblende with subordinate muscovite. The quartzite bodies in the area are low-lying and have mica flakes in varying degrees along their parting planes often giving them a flaggy appearance. They also have some muscovite flakes within their main bulk apart from those in the parting planes. The quartz muscovite schist in the eastern side is intruded by northerly trending pegmatite dykes. This pegmatised quartz muscovite schist possesses large feldspar megacrysts (Figure 4 ). Smaller pegmatite veins cut across the migmatites, gneisses and the quartz muscovite schist. They are often conformable or cross-cut the main rock types. The pegmatite contains Large interlocking, euhedral, milky white quartz, plagioclase feldspar, microcline and large sheets of mica. 
Hydrochemical profiles
The results of the chemical analyses are presented in Table 1 . Table 3 indicates that the pH of the water in the area varies from 5.5 to 7.3. Values slightly lower than the permissible limit were recorded in five wells. However, pH values of 5.5 and 5.9 in locations 5 and 10 calls for vigilance. This is because at low pH clay minerals may dissolve and release silica into the water.
The EC values of the water samples (60 to 580 µS/cm) are far less than 1000 µS/cm recommended by WHO (2004) and SON (2007) indicating that the water in the study area is safe for drinking purposes. Figure 5 . Gibbs (1970) diagram showing groundwater evolution. Figure 5) show that the groundwater samples clustered at the region of rock dominance (weathering). It indicates that the water chemistry have been modified through weathering of the underlying rocks. In order to establish the effects of bedrock units on the groundwater system of the study area, the hydrochemistry were further presented based on the two major rock units in the area, namely, migmatite and pegmatized schist. Summary of the major ions in the water from weathering profiles on both rock types are presented in Table 4 and Figures 6 and 7. The chemical compositions of the groundwater for the two rock units are quite similar due to the fact that the rocks are closely associated and interrelated. An evidence of this is the presence of pegmatite veins and dykes in the migmatite outcrop as shown in Figure 3 . This could be responsible for the high Na + content in the well water within both migmatite and pegmatite bedrocks. Weathering of the bedrock as a result of chemical decomposition of sodic feldspar, such as oligoclase and albite present in the migmatite and pegmatite respectively commonly release Na into the environment which may eventually end up in the water bodies.
Correlation analysis between the various parameters of the shallow groundwater in the study area was carried out. The result is presented in Table 5 (Figure 8c ). However, Na + and Cl -have a very weak and inverse relationship of -0.003 (Figure 8d ). This shows that sodium can be derived from other sources, such as, dissolution of plagioclase and ion exchange other than halite dissolution.
Principal Component (PC) analysis was performed on the groundwater data for better understanding of their interrelationships, probable source of the major ions and to explore the reduction of the experimental variables. Table 6 shows the principal components, Eigen values and associated variance explained in the physicochemical data. The four extracted Factors in Table 7 explained 81.4% of the data set variance. Factor 1 explained 29.7% of the total variance, Factor 2 explains 24.2%, Factor 3 explains 15.8% while Factor 4 explains 11.7%. Factor 1 has the highest factor loadings of Ca 2+ , Mg + , Na + , K + and HCO 3 -. This strongly suggests that PC1 may represent geogenic variables from influence of bedrock geology on groundwater. Factor 2 has the highest (positive) factor loadings of Cl -, NO 3 -and SO 4 2-and low (negative) factor loadings for other major ions and can be considered as anthropogenic factor. High factor loadings of Cl -could be as a result of addition of a chlorine-based disinfectant popularly known as water guard in the wells to reduce or eliminate germs. Also, NO 3-and SO 4 2-factor loading are moderate and may not suggest contamination of the wells. Factor 3 has the highest (positive) factor loadings of TDS and EC while Factor 4 has the highest (positive) factor loadings of pH. These components (PC3 and PC4) are related to natural chemical weathering of rocks and dissolution of rock forming minerals in the area.
DISCUSSION
Drinking water quality assessment
The chemical character of any water determines its quality and utilization. The quality of water is a function of the physical, chemical and biological parameters which could be subjective since the expected quality depends on the intended use (Olayinka et al., 1999; Hussein 2012) . There are different water quality standards based on various water uses (WHO, 1984) . Drinking water standards are generally based on two main criteria. These include the presence of objectionable taste, odour and colour plus the presence of substances with adverse physiological (health) effects. Water quality assessment includes those for domestic, agriculture/irrigation and industrial application. It is therefore important to determine groundwater suitability for different uses based on different chemical indices. Hydrochemical parameters of groundwater in the study area are compared with the specifications of WHO (2004) and SON (2007) earlier presented in Table 2 .
The TDS in the water samples fall within the fresh water category (<500 mg/L). Spatial distribution of TDS demarcated on the basis of excellent (>055 mg/L) to poor (422 mg/L) indicates that the study area has low TDS, indicating that the water is safe for drinking and domestic purposes. The groundwater pH of 5.5 -7.3 is very close to the WHO permissible limits of 6.5 to 8.5. The slight 
Irrigation quality assessment
Sodium Absorption Ratio (SAR) was used to assess the quality of the water bodies for irrigation. According to the modified Wilcox (1950) classification (Table 8) , irrigation water can be classified as excellent, good, permissible and doubtful. The effect on the irrigated soil and crops depend on the soil type and crop variety, relative proportion of sodium ions to other cations and the climate of the area. The SAR, EC, soil type, plant variety and the amounts of irrigation water used determine the class of irrigation water to be used. Sodium concentration is important because it reacts with soil to harden and reduce its permeability. The SAR for all samples was calculated and plotted against EC to determine the suitability of the water for irrigation purposes (Figure 9 ). Water containing SAR of 0 to 10 can be used to irrigate all agricultural soils while those having SAR range of 18 to 26 may produce harmful effects. Water with SAR range of 26-100 is generally unsuitable for irrigational purposes. Based on this Table, the SAR of the water samples shows that the water has low sodium content and therefore can be used to irrigate most plants and soils (Kelly, 1963; Leeden, 1990) .
Groundwater characterization
The overall chemical character of groundwater was interpreted using the Piper trilinear diagram (Figure 10 ). The water falls within the Na-K-HCO 3 water type. This water type with appreciable amounts of Na+K indicates cation exchange reaction in groundwater. The HCO 3 -concentration in the water is higher than the available alkaline-earth metal ions. Therefore, when the excess bicarbonate ions present in the water reacts with cation exchangers, such as, clay minerals and other related aquifer materials, alkali ions (usually Na + and K + ) are released into the solution by exchange reaction. Thus, the water is enriched in Na + and K + ions. In the Chaddah (1999) diagram (Figure 11 ) majority of the samples are confined to field 3 characterised by Base Exchange reaction. By implication 75% of the samples plotted in the field representing the Na-K-HCO 3 water type. This is similar to the results obtained from the Piper (1944) plot. The major anions and cations were plotted on the Stiff (1951) diagram. This data is expressed in milli-equivalent per litre (meq/l). The diagrams presented in Figures 12 and 13 indicated that Ca-HCO 3 and (Na+K)-HCO 3 are the dominant water facies in the area.
Further investigation in the area should include determination of the microbial load and isotopic analyses.
These will reveal further the suitability of the water and shed light on the origin, residence time and evolution of the ground water. It is recommended that wells should be lined inside with prefabricated concrete rings to prevent seepage of contaminated water and that wells should be sited at least six meters from roads, pit latrines and soak away.
Conclusions
Hydrochemical evaluation of groundwater from Ibadan area was carried out. The wells from which the water was obtained were dug on two major rock types, namely, migmatites and pegmatised schist. Hydrochemical data Piper (1944) of both surface and groundwater in the area showed that the water is slightly acidic with Na+K-HCO 3 water facies.
Hydrochemical analysis using Gibbs (1970) approach indicates that weathering is responsible for the evolution Figure 12 . Plot of groundwater samples on migmatite bedrock. Source: Stiff (1951) of the groundwater in the study area. High Cl -content of the water was hinged on addition of chlorine-base disinfectant to the wells to reduce or eliminate germs. Computed values of Sodium Absorption Ratio indicate Figure 13 . Plot of groundwater samples on pegmatite-schist of Ibadan area. Source: Stiff (1951) that the water has low sodium content and can therefore be used to irrigate most soils and plants. The hydrochemical parameters of the water satisfy the WHO (2004) and SON (2007) standards for domestic, agricultural and other industrial uses.
